Mass spectrometry. A stock solution of [Cu I (calix [6] tmpa)] + complex (0.01 mM) was prepared in dry degassed HPLC grade dichloromethane in the glovebox (H2O < 1ppM, O2 < 1ppm). Half of this stock solution was used as prepared (solution (1)), whereas the other half was saturated with degassed deionized ultrapure water (18.2 MΩ cm) (solution (2) ). Additionally, a stock solution of [Cu I (Calix [6] tmpa)] + complex (1 mM) was prepared from dry and degassed benzonitrile in the glovebox. This solution was first diluted with dry dichloromethane (0.01 mM) and saturated with deionized ultrapure water (solution (3)).All samples were prepared in glovebox under argon and injected in the mass spectrometer without having being in contact with air. Mass spectrometric experiments were carried out using an ion trap mass spectrometer (HCTplus, Bruker Daltonics) equipped with an electrospray ionization source (ESI, Agilent Technologies) and operated in the positive ion mode. The solutions were introduced by direct injection, using a syringe pump, to be electrosprayed at a 50 µL/min flow rate. N2 was used as nebulizing (P=10 psi) and drying gas (5 L/min) heated at 150°C. Helium was used as the trapping and collision gas at a 1.40 10 -5 mbar pressure (uncorrected gauge reading). MS n spectra of the complex with one ([Cu(calix [6] tmpa) + H2O] + at m/z 1421.7) and two ([Cu(calix [6] tmpa) + 2H2O] + at m/z 1439.7) water molecules were performed with the following main parameters: capillary voltage 3.5 kV, end plate -0.5 kV, skimmer 40 V and a trap drive at 120. MS analysis was followed by a 200 ms isolation time to isolate the complex with one/two water molecules using 1.5/1.0 Th isolation windows respectively. Collisional excitation was then performed during 100 ms using a 10 Th excitation width. Data acquisition and mass spectra processing were done using DataAnalysis 3.3 software (Bruker Daltonics, Bremen, Germany).
NMR study on the influence of D2O concentration. We have then studied the influence of the water concentration on the structure of the complex in order to characterize the nature of the interactions between the complex and water. The water concentration was increased by adding to the initial CDCl3 solution a water-saturated CDCl3 solution. 1 H NMR spectra were recorded after each addition at 4 different temperatures (263 K, 273 K, 300 K and 320 K). As soon as a small amount of water was added into the NMR tube, the spectra changed quite impressively at low T. Figure S8 displays the four spectra recorded at the four temperatures after the addition of 140 µL of water-saturated CDCl3. A careful comparison of the spectra obtained before and after the addition of D2O at high and low T shows that, while no change is observed at 320 K, new peaks denoting a new species have grown at 263 K after addition of D2O (Figures S9, S10, S11 and S12). These changes are not the result of dilution as adding "normal" CDCl3 did not modify the NMR profiles. Hence, when water is added, a new species appears and progressively grows as the T is decreased. These news signals are observed on the whole window of the spectrum but are particularly distinguishable for the resonances corresponding to the protons of the pyridyl units (around 8 ppm, Figure S12 ), the ArCH2 bringing the aromatic units of the calixarene (around 4 ppm, Figure S8 ) and the tBu groups (around 1 ppm, Figure S10 ). All together they attest to the formation of a non-symmetrical complex with partial inclusion of two tBu groups as more specifically indicated by the peaks at 0.47 and 0.66 ppm. All these observations are consistent with the formation of a species presenting a coordination bond to a small guest (here water) and the decoordination of one pyridyl arm which in turn allows the partial inclusion of one tBu (see Scheme S2 and the Molecular Dynamic Simulations section below).
Hybrid DFT/MM Molecular Dynamics Simulations. The thermally accessible molecular configurations for the complexes [Cu I (calix [6] tmpa)(H2O)x] 2+/+ (x = 0, 1, 2) have been sampled by means of hybrid DFT/MM (Density Functional Theory/Molecular Mechanics) molecular dynamics simulations. Each complex was solvated in a cubic box of chloroform molecules of 55 Å edge. The QM partition was comprised of the copper cation, the TMPA moiety and the water molecules (when present). The remaining calixarene atoms, the counter-ions and the solvent molecules were treated at the Molecular Mechanics level. Our QM/MM approach follows a subtractive scheme 5 with an electrical embedding technique, i.e. the DFT computations are realized in the presence of the electric field created by were environment. DFT calculations were performed with demon2k 6 while MM calculations were performed with the software CHARMM. 7 We have included atom charges situated at distances lesser than 10 Å from the QM part. The QM/MM boundaries have been treated with link atoms, the bond lengths of which were previously optimized at the full DFT level. The Perdew Becke Ernzerhof (PBE) 8 functional has been used for the DFT part in conjunction with the all electron basis set DZVP-GGA (Double Zeta Valence plus Polarization functions for Generalized Gradient Approximation) and the GEN-A2 auxiliary basis set. 9 An empirical dispersion correction to the DFT energies has been added for the O, N, C and H atoms. 10, 11 We performed 1ns of classical MD simulations to relax the system before starting the hybrid DFT/MM simulations. The latter are carried out within the canonical ensemble, the temperature of which (300 K) is controlled using a Nose-Hoover thermostat with a friction coefficient of 0.1ps. The time step is set to 0.5 fs. The atoms located beyond 15 Å from the calixarene were frozen during the MDS. For each simulation the system was relaxed during 1ps before accumulating data for analysis. We note that all structures were close to C3v symmetry when starting the hybrid DFT/MD MDS. Between ca 7 ps and 11ps of simulation have been gathered to investigate the dynamics of the copper coordination at different redox states and with different number of water molecules. The differences in simulation lengths between each system were due to computational limitations. The statistical analysis of the MD simulations outputs were realized with "The R Project for Statistical Computing" and the "coda" package. 12, 13 The expectation values for the coordination characteristics at the copper center (Table S3-S5) have been estimated from their average values and standard deviations on the ensemble of snapshots extracted from the hybrid DFT/MD simulations. The 95% confidence interval is then obtained using the formula (in the case of a variable ):
where ̅ is the average value of taken over n configurations extracted from the MDS,  is the standard deviation and is the chain statistical efficiency. 14 The value of can be estimated from the analysis of the autocorrelation function of using, for example, the aforementioned R-coda package.
Computational studies. Binding energies of water within the calixarene cavity. To estimate the binding energies of the inclusion of water molecules within the cavities we have performed various geometry optimizations of the complexes in gas phase at the full DFT level. All these computations were used with deMon2k. Various optimizations with distinct starting structures were performed in agreement with the variety of structures encountered in the MDS. For each S5 optimized system the binding energies of the water molecules within the cavity Ebind are computed according to
where E [X] opt is the energy of molecule X in its optimized geometry. For all computations we used the all electrons DZVP-GGA basis set and the GEN-A2 auxiliary basis set coupled to the PBE functional. A multipole expansion technique was employed to compute the long range integrals of the coulomb operator. A grid of FINE accuracy was used. (4); There are 4 independent molecules in the asymmetric unit, accounting for more than 400 atoms. Because of the low symmetry and the method used in data recordings (single  rotation), two crystals with different orientations were used. In each case, a full rotation range of 360° was adopted. For the two crystals, 455277 reflections were recorded and processed, then scaled and reduced to 58216 independent reflections, using MOSFLM program 15 interfaced with the CCP4 suite of programs. 16 These data in the range 15-0.98 Å were used for structure determination and refinements. Structure determination was performed by direct methods with the SHELXD program 17 using a sub-structure taken from the already solved calix [6] tmpa. 18 The best solution was submitted to the automated E-map refinement as coded in the DIRDIF program. 19 This resulted in the complete development of the four independent molecules except for some of the ter-butyl groups found highly agitated, even at 100 K. These ter-butyls were further idealized and refined as rigid groups. Refinements were conducted with the SHELXH program 17 using isotropic individual thermal parameters, then anisotropic. Hydrogens were imposed at their theoretical places but not refined. Refinements converged to R=11.23 % for 45966 observed F's (with F ≥ 4(F) ) and R=12.1 % for all 58216 F's.
The final structure consist of four molecules of Cu II calix [6] tmpa-benzonitrile complexes plus 8 perchlorate counter ions and three solvated benzonitrile molecules in the packing together with an additional molecule of disordered chloroform. Four residual peaks were modeled as two additional methanol molecules. The four Cu-calix [6] tmpa molecules have similar cone conformation but the fourth display the half-cone conformation with one aromatic ring of the calix [6] reverted.
The structural features are close to those obtained for the CH3CN analogous Cu II complex [Cu II (calix [6] tmpa)(CH3CN)] 2+ . The solid state analysis of the benzonitrile complex shows a strong axial (= 0.98) 20 trigonal bipyramidal (TBP) Cu II center bound to the tmpa cap and to a benzonitrile molecule. The nitrilo part of the guest aligned on the C3 axis in the heart of the calixarene cavity. The benzyl moiety is slightly tilted due probably to interactions with one anisole of the calixarene cavity. The comparison of the two complexes shows that the calixarene core is slightly affected by the guest exchange. Indeed, the average tBu-tBu distances (taken between two quaternary carbon atoms of the tBu groups attached to aromatic units linked to the cap) are 6.22 Å and 7.68 Å for the CH3CN and PhCN adducts, respectively. Similarly, the average O-O distances between the methoxy groups are 6.01 Å (CH3CN) and 6.19 Å (PhCN). The flexibility of the cavity and its adaptability towards a more or less large guest can also be quantified with the calculation of the inner cavity volume which increases by 11% when CH3CN is replaced by PhCN (vide infra).
Determination of the volume of the cavities. To evaluate the plasticity of the calix [6] system, the cavities built by the t-butyl phenyl rings in the cone conformation were measured in the three available tmpa structures, the apo form (empty), the Cu-acetonitrile complex, and the Cubenzonitrile complex, respectively. Several programs are available for that purpose, 21, 22, 23, 24 they all of them rely on an equivalent algorithm: the rolling of a sphere, (usually a water molecule with a fixed Van der Waals radius (1.4 Å) on the surface determined by all the atoms lining the interior of the cavity. They give somewhat different results as the method is very sensitive to the parameters in use (Van der Waals radii, etc ..). Whatever the program in use, one can obtain reliable values as long as one stay on the same protocol in the calculations for the three structures in comparison.
The program we used was voidoo 21 , a program more dedicated to protein structures but easy to extend to other kind of molecules, by tailoring its library to cope with the tmpa molecular structure. For strict comparisons, the three files, apo, acetonitrile, and benzonitrile complexes were first prepared following the same protocol: the apo structure (empty calix [6] tmpa) has an additional cavity delimited by the three pyridines on top which increases the real size of the cavity delimited by the lower calix [6] arene moiety; hence a copper ion was artificially added to restrain the cavity to what it should correspond in the two others. In addition, as the cavities are nearly open to the solvent at the level of the terbutyl groups, an additional « ghost atom » was set as a closure at the level of the terbutyl groups and located on the three-fold axis of the tmpa as to allow reliable calculations in the three structures ( Figure S20) . Indeed, the complex structures were considered void of their acetonitrile or benzonitrile ligands in all the calculations.
The results are reported in the Table S6 . It is important to note that in the case of the apo structure, three copies of the calix [6] tmpa molecule are present in the asymmetric unit, while only one is present in the acetonitrile complex, and four are independently observed in the benzonitrile structure. All of them are in cone conformation except in the case of the third copy of the apo form. The last column of the Table S6 reports the averaged value obtained when several copies are present, the error is evaluated as two to three times the esd's on individual values.
-Calix[6]tmpa apo structure: As mentioned previously, the third molecule has a complete different conformation with two of the tBu benzene rings reverted. The cone conformation is no longer respected and no cavity can be found in that case.
-Cu-calix [6] tmpa benzonitrile complex: In the third independent copy, the hosted benzonitrile shows clearly two orientations in the cavity, nearly perpendicular to each other, both aligned along the cone axis. As a consequence, the cavity is enlarged compared to the three other copies. The result in that case was not included in the average. + in wet dichloromethane with PhCN with straight red lines as theoretical profiles (Fig. a) . No coordination of additional water molecule is observed along with PhCN (Fig. b) . Figure S20 . Delineation of the cavity in the Cu-calix [6] tmpa structure, based on Van der Waals radii: C=1.85, O=1.60, N=1.75, Cu=1.20, CH2=1.925 and CH3=2.00; (values in Å).
